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Attorney Docket # 4925-195PUS 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re National Phase PCX Application of 

Tommi KOISTINEN 

International Appln. No.: PCT/FIOO/00622 

International Filing Date: 06 July 2000 

For: Method for Transmitting Calls Over Packet 
Network 



p PRELIMINARY AMENDMENT 

W 

ip Assistant Comimssioner for Patents 

y Washington, D.C. 20231 

m BOXPCT 

W . 

= SIR: 

o 

'n\ Vxiox to examination of the above-identified application please amend the 

□ application as follows: 

IN THE SPECIFICATION: 

Referring to the Specification as amended by the Letter dated 30 October 2001, 
Page 1, before line 3, the paragraph beginning "The invention", insert the following 
heading: 

- FIELD OF THE INVENTION -. 
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Page 1, before line 6, the paragraph beginning "In conventional", insert the following 
heading: 

- BACKGROUND OF THE mVENTION -. 

Page 4, before line 15, the paragraph beginning "The object", insert the following 
heading: 

- SUMMARY OF THE INVENTION 

Page 8, before line 7, the paragraph beginning "The invention", insert the following 

^ paragraph and heading: 

P 

|y -Other objects and features of the present invention will become apparent from the following 

b 

m detailed description considered in conjunction with the accompanying drawings. It is to be 

m 

W imderstood, however, that the drawings are intended solely for purposes of illustration and not as 
a definition of the limits of the mvention, for which reference should be made to the appended 

fU ■ 

p claims. 

a 

W BRIEF DESCRIPTION OF THE DRAWINGS- . 

Page 8, before Ime 27, the paragraph begmning "The GSM", insert the foUowmg 
heading: 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS - 
Page 14, after line 28 (last Ime), insert the following as a new paragraph: 
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~ Thus, while there have been shown and described and pointed out fundamental novel features 
of the present invention as applied to a preferred embodiment thereof, it will be understood that 
various omissions and substitotions and changes in the form and details of the devices described 
and illustrated, and in their operation, and of the methods described may be made by those skilled 
in the art without departing from the spirit of the present invention. For example, it is expressly 
intended that all combinations of those elements and/or method steps which perform substantially 
the same function in substantially the same way to achieve the same results are within the scope of 
the invention. Substimtions of elements from one described embodiment to another are also hilly 
g intended and contemplated. It is the intention, therefore, to be limited only as indicated by the 

2 scope of the claims appended hereto . - . 

P 

W Page 15, line 1, delete "Clarnis" , and insert therefor --What is clauned is:--, 

g IN THE CLAIMS: 

|y ■ 

Q Referring to the Claims as amended by the Letter dated 30 October 2001 , 

o ■ 

py Amend claims 1, 4, 15, and ,17 to read as follows: 

1 . A method for transmitting data over packet network, where a cellular network is 
connected to a packet network and uplink tandem free operation data frames, which carry 
coded data and in the frame structure inband tandem free operation signalling information 
related to the coding, are transmitted (112) from the cellular network towards the packet 
network, characterized in that at least all non-redundant information, said non-redundant 
information comprising said mband tandem free operation signalling information, from the 
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Uplink tandem free operation data frames is extracted (311, 511, 611, 711) from said frames 
and transmitted over the packet network. 



4. A method according to claim 2, characterized in that the uplink tandem free 
operation data frames are divided (611) into parts and each part is transmitted in a packet of a 
certain packet protocol and that only one part related to a certam coimection is carried (612) in 
each packet. 



1^ 15. A method according to clarni 12, characterized in that 

O 

y - a second cellular network is connected to the packet network, 

5 

W - second uplink tandem free operation data frames, which carry coded data and inband 

W tandem free operation signalling information related to the coding, are transmitted from the 
second cellular network towards the packet network, 

m 

Q - the uplink tandem free operation data frames and the second uplink tandem free 

9 

Fy operation data frames are related to a certain bidfrectional connection, 

- at least all non-redundant information, said non-redundant information comprising 
said inband tandem free operation signalling information, from the second tandem free 
operation uplink data frames is extracted from said second uplink tandem free operation data 
frames and transmitted over the packet network and 

- all non-redundant information related to said connection and transmitted over the 
packet network is processed on the edges of the packet network. 

-4- 
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17. A receiving arrangement (811) for transmitting data over packet network, which 
comprises 

- means (815) for receiving data in packet format and 

- means (824) for sending data in telephony network format, 
characterized in that it fUrther comprises 

- means (821) for extracting certam information from the received data, which 
information comprises coded data and tandem free operation signalling information related to 

p the coded data, and 
O 

y - means for processing the extracted information comprising one of the following: 

m means (822) for constructing tandem free operation frames, which carry said coded data and, 
^ as inband signalling, said tandem free operation signalling information, means (823) for 
^ consttucting decoded data from said coded data. 

ru 
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REMARKS 

This preliminary amendment is presented to place the application in proper form 
for examination. No new matter has been added. Early examination and favorable consideration 
of the above-identified application is earnestly solicited. 

Any additional fees or charges required at this time in comiection with the 
application may be charged to our Patent and Trademark Office Deposit Account No. 03-2412. 



Respectfully submitted, 

COHEN, PONTANI, LIEBERMAN & PAVANE 



W Michael C. Stuart 

m Reg. No. 35,698 

W 551 Fifth Avenue, Suite 1210 



m 
ru 

Q 7 January 2002 

s 



New York, N.Y. 10176 
(212) 687-2770 
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AMENDMENTS TO THE SPECIFTCATION AND CLAIMS SHOWING CHANGES 
The claims have been amended as follows: 

1 . A method for transmitting data over packet network, where a cellular network is 
connected to a packet network and uplink tandem free operation data frames, which carry 
coded data and in the frame structure inband tandem free operation signalling information 
related to the coding, are transmitted (112) from the cellular network towards the packet 
network, characterized in that at least all non-redundant information, said non-redundant 
p information comprising said inband tandem free operation signalling information, from the 

s 

id uplink tandem free operation data frames is extracted (311, 511, 611, 711) from said frames 

i 

m a gateway connecting the ceUular network to the packet network] and transmitted over 

m 

the packet network. 

b 

w ■ 
m 

p 4. A method according to claim 2, characterized in that the uplink tandem free 

13 

ry operation data frames are divided (611) into parts and each part is transmitted in a packet of a 
certain packet protocol and that only one part related to a certain connection is carried (612) in 
each packets 

15. A method according to claim 12, characterized in that 
- a second cellular network is connected to the packet network. 
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- second uplink tandem free operation data frames, which [carry coded] carry coded 
data and inband tandem free operation signalling information related to the coding, are 
fransmitted from the second cellular network towards the packet network, 

- the uplink tandem free operation data frames and the second uplink tandem free 
operation data frames are related to a certain bidirectional connection, 

- at least all non-redundant information, said non-redundant information comprising 
said inband tandem free operation signalling information, from the second tandem free 
operation uplink data frames is extracted from said second uplink tandem free operation data 

H frames and fransmitted over the packet network and 

Id ' non-redundant information related to said connection and fransmitted over the 

y packet network is processed on the edges of the packet network. 

i 
y 

^ 17. A receivmg arrangement (811) for fransmitting data over packet network, which 

ru 

|.=i comprises 

s 

fy - means (815) for receiving data in packet format and 

- means (824) for sending data in telephony network format, 
characterized in that it further comprises 

- means (821) for extracting certam information from the received data, which 
information comprises coded data and tandem free operation signallmg information related to 
the coded data, and 

- means for processing the exfracted information comprising one of the following: 
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means (822) for constructing tandem free operation frames, which [carrysaid] carry said 
coded data and, as inband signalling, said tandem free operation signalling information, means 
(823) for constructing decoded data from said coded data. 
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Method for transmitting calls over packet network 



The iiivention relates in general to transmitting calls between cellular networks and 
packet networks. In particular the invention relates to supporting tandem free 
5 operation. 

In canventional PSTNs (Public Switched Telephony Network) the digitized speech 
is presented in a format that requires 64 lips for transmission. In cellular networks 
efficient speech coding methods are used to compress the digitized speech before 
sending the speech over the radio access network. Decoding is used to obtain a data 

10 flow that is similar to the original digitized speech flow, for example, before trans- 
mitting die speech further to PSTN. The coding methods used in cellular networks 
compress the speech to a data flow that can be transmitted using less tiian 16 kbps in 
tiie fixed part of the cellular network. In the radio access network part of the cellular 
network also channel codmg is needed, and the coded speech is also presented in a 

15 different format than in the fixed part of Ihe cellular network. 

If both the caller and callee use mobile stations then, in the absence of any 
precautions, the speech is coded and decoded twice, because it needs to be trans- 
mitted over a radio access network twice. This double coding may deteriorate the 
quality of die speech. It is possible to code the speech only once, if the coded 
20 speech is transmitted over the cellular networks and possible PSTN in between the 
cellular networks. This kind of operation is called tandem free operation (TFO). 

Fig. 1 presents an example of the tandem free operation in a GSM (Global System 
for Mobile Communications) network. A one-way connection is presented in Fig. 1 
for the sake of clarity. Usually comiections are bidirectional, and the same 

25 frmctionahty is performed in both directions. The mobile station MSI 101 
communicates over a radio access network witii a base station BSl 102. The 
digitized speech is coded in the mobile station, usmg codec C as presented in Fig. 1. 
Between a mobile station and a base station, die coded speech is presented in a 
format that is typical for the air interface. From die base station onwards, the coded 

30 speech is carried to a transcoder and rate adaptation unit (TRAU) in a certam format 
called TRAU frames. Li Fig. 1 the base station BSl transmits the coded speech to 
TRAUl 103. Base station controllers are not involved in the speech coding and are, 
therefore, not presented in Fig. 1. 
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The transcoder and rate adaptation unit usually decodes the speech and sends it 
further as a pulsed code modulation (PCM) signal that carries data with the rate of 
64 kbps. The speech is sent to a Mobile Services Switching Center (MSC) which 
relays it either to another MSC or to the public telephony network. In Fig. 1 the 
5 TRAUl decodes the coded speech (decodec D) and transmits the decoded speech to 
MSCl 104, and from there the speech is relayed via the PSTN 105 to another 
cellular network. The MSC2 106 relays the decoded speech futher to TRAU2 107, 
where the speech is coded (codec C) and inserted to TRAU frames. The base 
station BS2 108 converts the TRAU frames mto a radio access network fomat, and 
10 trasmits the data over the air interface to the mobile station MS2 109, In this mobile 
station the coded speech is decoded (decodec D'). 

The diflferent arrows 110,111 and 112 in Fig. 1 are used to present the data 
presentation format and signal carrying the data. Dashed arrows 110 refer to coded 
speech and the air interface. Solid arrows 111 refer to TRAU frames that require 
15 either an 8 kbps or a 16 kbps transmission channel and thick arrows 112 refer to 
decoded speech that requires a 64 kbps transmission channel and PCM signal. 

If botfi mobile stations and TRAUs involved in a call have a common codec- 
decodec pair, it is possible to encode the speech only once. In the situation 
presented in Fig. 1, in tandem free operation the speech is coded in MSI and 

20 decoded in MS2. TRAUl relays the TRAU frames as TFO TRAU frames within the 
decoded speech (arrow 113 in Fig. 1). The TRAUl performs also decoding and the 
decoded speech is transmitted to TRAU2, but it is used only if TRAU2 cannot 
extract the TFO TRAU fi^es from the data it receives. If TRAU2 notices the TFO 
TRAU frames, it relays the decoded speech carried by the TFO TRAU frames to 

25 BS2 in TRAU frames. 

Tandem free operation requires thus special functionality, i.e. TFO capability, from 
the TRAUs. In practice the TFO capability means the following three tilings. First, 
tiie TRAUs can negotiate which codec is used. Second, they can transmit TFO 
TRAU frames to each other as part of the PCM signal and third, they can extract the 

30 TFO TRAU frames from the incoming PCM signal. In GSM the TFO TRAU frames 
are carried over the PCM so that the one or two least significant bits in each 8 bit 
long speech sample are replaced by TFO TRAU frame information. The TFO 
TRAU frame information is carried thus in a 8 kbps or 16 kbps subflow of tiie 64 
kbps PCM flow. The destination TRAU can then ignore the rest of tiie PCM signal, 

35 and relay tiie TFO TRAU fi:ames as TRAU frames towards tiie destination mobile 
station. 
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The transcoder and rate adaptation units involved in a call negotiate the speech 
codec using TFO inband signalling. This signaUing is perfonned by modifying 
certain bits of the TRAU frame stracture. The data carried in TRAU frames and 
TFO TRAU frames is essentially the same except for the TFO signalling bits. In the 
5 beginning of a call the TRAU units may each select the codec they use, but if both 
TRAUs support tandem free operation, a common codec may be negotiated. The 
decoded speech is usually also transmitted in the PCM signal even after a common 
codec has been agreed on. This is because after a handover, for example, both 
TRAUs involved in the call may not support Ae tandem free operation. 

10 The current tandem free operation works between two cellular networks or if the 
cellular networks are connected via a PSTN. In the recent years, however, there has 
been an explosive growth in real-time data applications that use packet networks 
like the Litemet as transport medium. These real-time applications can support voice 
calls and video calls. It is possible to use the Intemet or other packet networks as 

15 transmission media between cellular networks, instead of PSTN. Especially with the 
third generation networks that are at least partly packet based, the use of packet 
networks between Ae cellular networks is a natural choise. 

The H.323 specification has been created by the hitemational Telecommunications 
Union (ITU) for the purpose of defining a standard framework for audio, video and 
20 data communications over networks that do not provide a guaranteed quality of 
service (QoS). Packet networks, for example, may be such networks. The aim of the 
H.323 specification is to allow multimedia products and applications from different 
manufacturers to interoperate. 

Fig. 2 presents a situation where two GSM networks are connected with an IP 
25 (Intemet Protocol) network. Each of the GSM networks 20 1, 202 is connected to the 
IP network 203 with an Voice over IP (VoIP) gateway. These VoIP gateways 204, 
205 are connected to the MSCs 104, 106. From the ceUular network they receive 64 
kbps decoded speech as PCM signal (arrows 112 m Fig. 2), and they compress this 
data flow. The compressed data flow is then transferred over the IP network to 
30 another VoIP gateway (arrows 210 in Fig. 2). Usually the compressed data flow 
requires either 8 kbps or 16 kbps of transmission capacity. The H.323 specification, 
for example, defines certam codecs that can be used for compressing data in H.323 
networks. It is also possible to construct proprietary codecs and gateways. Term 
gateway refers here neither to any specific packet network technology nor to any 
35 specific standards on telephony over packet networks. It is used as a general term 
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for a network element connec^g a cellular network and a packet network and 
lelayicLg calls and other commections to and &ojn the cellular network. 

The problem, in using compression in gateways when transmitting calls between 
cellular networks is that in the worst case the speech (or other data) is coded and 
5 decoded three times. First in the oiiginating cellular network, then when transmitted 
between the cellular netwoiks and finally in the destination cellular network. This 
may recude the quality of Ae speech, drastically. 

A futher problem is that eyen in a case, where both TRAU units involved in a call 
are TFO capable, it is possible that this feature cannot be utilized. This is because 
the TFO TRAU fiamea, which cany infannalioa about the speech codecs and TFO 
capabilities of fee TRAU? and which are possible included in the PCM signal, do 
not necessadly stay unmodified in the conqnession and decompression in the 
gateways. Especially the TFO signalling, which is catiied in certain bits of ttie TFO 
TRAU frame, is sensitive to change due to compression. 

The object of the invention is to present a straightforward data transmission method 
that supports tandem free operation ovot packet netwdrks; A "farther object is tiiat 
the data flow to be transmitted over the packet network is smaller than the data' flow 
coming from the cellular network. Even a further object is fbat the method for 
transmitting calls over packet networks is transparent to the cellular netwoiks. 

The objMts of the invention are achieved by transmitdng in the uplink direction 
over the packet network aU non-redundant infcnmatiQn frxsm the frames that cany 
coded data. 

A method according to the invention i? a method for transmitting data over packet 
network, whacs a cellular network is connected to a packet network and uplink 
,25 tandem free operation data frames, which cany coded data and in the frame 
structure inband tandem free operation signalling information related to the coding, 
are transndtted from the cellular network towards the packet network, and it is 
characterized in that at least all non-redundant infonnatiou, said non-redundant 
information comprising said inband tand«n free operation signalling information, 
30 from the uplink tandem free operation data frames is extracted from said frames in a 
gateway connecting the cellular network to the packet network and transmitted over 
the packet network. 

A transmitting arrangement according to the invention is an arrangement for trans- 
mitting data over packet network, which comprises 
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- meaas far rec^ving data in telephony network f onnat and 

- means for sending data ia packet format, and it is characteiized in that it funher 
corDioises 

- means for separating tandem free operation frames, which carry coded data and 
5 inband tandem ftee op^tion signalling infoimation related to the coding, from the 

received data, 

- means for extracting data ficom said frames, said mieans arranged to e^ctract at least 
said tandem &ee operaticoi signalling information, and 

- means for encapsulating the extracted data into packet protocol packets. 

A receiving airaugement according to the invention is an arrangement for 
transmitting data over packet network, which comprises 

- means for receiving data in packet format and 

- means for sending data in telephony netwcak format, and it is characterized in that 
it fur&er comprises 

- means for extracting certain infoimation from the received data, which infoimation 
con^ffises coded data and tandem free operation signalling information related to 
the coding and 

- means for processing the extracted infcamation. ;■ " ' t — -. ■ ' ■ " - • — - 

jfi The means for processing the extracted infomiation comprise either means for 

p 20 constructiiig decoded data from said coded data or means for constructing tandem 
M ftee operation frames, which carry said coded data and, as inband signalling, said 

tandem free operation signalling information. 

The invention relates also to a gateway, wMch comprises 

- means for receiving and sending data in packet format and 

25 - means for receiving and sending data in telephony networic format, and which is 
characterized in that it fnrfher comprises 

- means for separating tandem free operation frames, which cany coded data and 
inband tandem free operation signalling information related to the coding, from the 
received telephony data, 

30 - means for extracting data fix>m said frames, 

- means for encapsulating the extracted data into packet protocol packets, 

- means for extracting certain information from die received packet data, which 
information comprises coded data and tandem free operation signalling information 
related to the coding and 

35 - means for processing the ertracted information. 
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The means for processing liie extracted infonnation comprise either means for 
constnictmg decoded data ftom said coded data or means for constructing tandem 
free operation frames, which cany said coded data and, as inband signalling, said 
tand^ free operation signalling infonnatioii. 

5 In a method according to the invention, a cellular network is connected to a packet 
network, for example with a gateway. Usually the gateways that connect telephony 
networks to packet networks compress the speech flow. In a method according to 
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the invention, the uplink dataflow which comes from the cellular network comprises 
frames that carry coded speech. This happens, for example, when the coding- 
decoding unit that is involved in the connection in the celMar network operates in a 
tandem free manner. 

5 In a method according to the invention, all non-redundant data from the received 
frames that cany coded data is transmitted over the packet network. Term non- 
redundant refers here to such data that cannot be inferred either from the other data 
within the frame or, for example, from a specification that defines the structure of 
the data frames. The coded speech, for example, needs to be transmitted, as well as 
10 signalling which is related to the coding, for example to the tandem free operation. 
The frame structure may be transmitted as such or the information in the frames 
may be extracted and transmitted over various data connections. 

£ In a method according to the invention, the data flow that is transmitted over the 

r packet network is much smaller than the data flow which is sent from the cellular 

frlS network. Therefore there is no need to compress the data flow ftuiher. And, 

v= although only part of the original data flow is transmitted over the packet network, 

, ^ the original data flow can be restored on the other edge of the packet network. 

The uplink data flow may, for example, be monitored to detect the frames that carry 
2 coded data. It is easy to recognise and extract a certain frame structure from a data 
20 flow and to relay ftither the frames. If the information in the frames is to be 
r transmitted further over various connections or if only the non-redundant part of the 

information in the frames is to be transmitted, then the entity performing the 

extraction of suitable information from the received frames has to understand the 

contents of the frame. 

25 Term frame refers here to a data structure using a certain data presentation format. It 
does not refer, for example, to a certain signal that is used when transmitting the 
data structure. A TFO TRAU frame, for example, is thus a certain data structure, it 
does not refer to PCM signal over which the data structure is carried in cellular 
networks. Relaymg frames refers to transmitting the received data stacture using the 

30 same data presentation format. If, for example, the physical transmission media or 
some layer in the protocol stack is different on the receiving side and on the 
transmitting side, the actual signals used to carry the data structure may be different. 

On the other edge of the packet network, there is an entity that recognises that the 
packet data flow (or flows) cany information about coded data frames. The entity 
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may be a gateway, for example, and it may construct from the information it 
receives frames that are identical to those original frames that carried coded speech. 
This operation requires no information about the codecs. If the packet network is 
connected to a conventional telephony network and the connection terminates in a 
5 fixed phone, for example, the coded speech has to be decoded after it is transmitted 
over the packet network. The decoding can be done, for example, in a gateway 
where a decoding method corresponding to die coding method the mobile station 
used is supported. Information about the codec is often carried in the coded data 
frames, so there is no need for extra online signalling. A third option is, for 
10 example, that constructed frames are inserted to the decoded data flow. In this case, 
the data flow that is transmitted fiither from the packet network is similar to that 
data flow that entered the packet network. This last option supports any network or 
terminal that the original system without the packet network supports. 

= The main advantages of the invention are the following. First, the signalling that is 
^15 related to the tandem free operation may be passed between the coding-decoding 
units in the cellular networks, e.g., the transcoder and rate adapting imits in GSM 
networks. If data is compressed before transmitting it over the packet network, the 
data bits canying the signalling infonnation may be damaged. The signalling 
ensures that tandem free operation is frilly extended to situations where the 
20 connection is transmitted over packet network at some point between the cellular 
networks. Second, it enhances the quality of the transmitted data. When the data 
that will be transmitted over the packet network is already coded, i.e. compressed, 
there is no need to compress it ftirther and the coding-decoding fimctions in the 
gateways can be left out This also saves some processing power compared to a 
25 situation where all received data is compressed. 

A third advantage is that on the other edge of the packet network the second 
gateway, for example, may easily recognise that it receives frames that cany coded 
data or infonnation about coded data. This can be done, for example, by sending the 
frame information over a specific connection. Thus there is no requirement for 

30 online signalling between the gateways or other network elements which are 
responsible for carrying out the method according to the invention. There is neither 
need for some configuration infonnation stating that a certain gateway, for example, 
does not send compressed data but information about frames that carry coded data. 
If the cellular network that a certain gateway connects to the packet network 

35 comprises both tandem free operation capable and non-capable coding-decoding 
units, the gateway may send bofli compressed data and information about frames 
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that carry coded data, depending on the coding-decoding unit that is involved in the 
call. Fourth advantage is that the networks, where a connection is originated and 
terminated, need not be aware that the connection is going through a packet 
network. On the other side of the packet data network, a similar data flow as that 
one that came towards the packet data network may be constructed. Further 
advantages are discussed in connection with the preferred embodiments. 

The invention will now be described more in detail with reference to the preferred 
embodiments by the way of example and to the accompanying drawings where 

shows a schematic drawing of a call between two mobile stations, 

shows a schematic drawing of a call between two mobile station that is 
passing a packet network, 

shows a schematic drawing of a first preferred embodiment of the 
method according to the invention, 

shows a schematic drawing of a method according to a second preferred 
embodiment of the invention, 

shows a schematic drawing of a method according to a third preferred 
embodiment of the invention, 

shows a schematic drawing of a method according to a fourth preferred 
embodiment of the invention, 

shows a schematic drawing of a method according to a fiflh preferred 
embodiment of the invention, and 

shows schematic drawings of arrangements and a gateway according the 
invention. 

Above in conjunction with the description of the prior art reference was made to 
25 Figs. 1 and 2. The same reference numerals are used for corresponding parts in the 
figures. 

The GSM system, TRAU frames and TFO TRAU firames are here used as examples 
when describing the preferred embodiments of the invention. TFO TRAU frames 
are transmitted between the transcoder and rate adaptation units as part of the PCM 
30 signal. The TRAU frames may be any frames that cany coded data in a cellular 
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network, and TFO TRAU frames any frames that carry coded data between coding- 
decoding units. 

In a method acceding to a first preferred embodiment of the invention all 
information from the TFO TRAU frames is transmitted to the second gateway. Fig. 
5 3 shows in the upper part the uplink data flow 301 that enters the first gateway in, 
for example, PCM form. Certain part of the data flow, usually the one or two least 
significant bits of each speech sample, is used to carry the TFO TRAU frames, and 
Fig. 3 presents this TFO TRAU frame flow 302. First, the TFO TRAU frame flow is 
separated from the rest of the PCM flow, which carrries, for example, the decoded 
10 data. The separation is presented with arrow 3 10. If the TFO TRAU frame flow is, 
for example, a 8 kbps or 16 kbps subflow of the 64 kbps PCM flow, the separation 
can be carried out by selecting from every 8 bit long speech sample one or two least 
significant bits. 

Next, the TFO TRAU fi^e flow is divided into parts tiiat can be carried in the 
15 payload of a packet data protocol. Fig. 3 presents the division with arrow 311 and 
the resulting parts 303-309 are of equal size. The sizes may also vary and the size or 
sizes of the parts d^end on the packet data protocol which is used to carry the date. 

The data which consists of TFO TRAU flames is packetized, for example a header 
and a certain bit string to mark the end of the packet may be added. The details of 
20 the packetization depend on tiie protocol which is used. Arrow 312 presents the 
packetization. Fig. 3 shows as an example how part 303 of the TFO TRAU frame 
flow is packetised. A header 321 and other protocol-specific data is added to the 
data. The resulting packet 320 is then transmitted to the second gateway. 

The separation of the TFO TRAU frame flow, the division of this flow into suitable 
25 data chimks and packetization of the data chunks is done in a continuous manner. 
To prevent excess delays due to waiting for a data chunk to be received and the 
separating and packetizing the data chunk, the size of the data chunk cannot be 
chosen too large. 

Fig. 4 presents a method acceding to a second preferred embodiment of the 
30 invention, where a protocol designed for carrying data for real-time applications is 
used to transmit the packets. The following protocol stack is used as an example. 
The TFO TRAU frames are packetised into Real-time Transfer Protocol (RTP) 
packets. RTP is run over User Datagram Protocol (UDP) and UDP, in turn, over 
Internet protocol. 
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This protocol stack is usually employed in IP telephony. 

The information flow 302 consisting of TFO TRAU frames which has been 
separated from a PCM signal, for example, is presented in Fig. 4. This flow is 
divided (arrow 311) into parts 303-309, and these parts are placed (arrow 412) 
5 inside RTP packets. Fig. 4 shows as an example how the chunk 303 of the TFO 
TRAU frame flow is packetised to RTP packet 401. The RTP header (402) states, 
for example, the sequence number of each RTP packet related to this connection 
and some timing information. The RTP packet may comprise data related to many 
connection. The RTP packets are inserted to UDP packets 403, which in turn are to 
10 IP packets 404. The IP packets are then sent to the second gateway over the IP 
network. 

M= In this method according to the second preferred embodiment of the invention, the 
p TFO TRAU frame flow is divided into the RTP packets without paying attention to 
the framing. The RTP may thus comprise, for example, many TRAU frames or 
15 partial TRAU frames. The TRAU frames may have to be re-constructed on the other 
y edge of the packet network. 

L ^ P'^s^ts a method accoding to a third preferred embodiment of the invention, 

g where the TFO TRAU frame flow is divided into TRAU frames and each of these 
frames is inserted to a packet data protocol packet. The RTP/UPD/IP protocol stack 
^^20 is again used as an example. 

Fig. 5 presents the information flow 302 consisting of TFO TRAU frames (whereof 
frames 501-508 are marked in Fig 5). First the TFO TRAU frames 501-508 are 
extracted (arrow 511) from the information flow. Each TFO TRAU frame is 
inserted (arrow 512) to an RTP packet or to a RTP multiplexing unit. Fig. 5 shows 

25 the packetization of the TFO TRAU frame 501 to RTP/UPDyTP packet as an 
example. The RTP multiplexing refers to a situation where one RTP connection is 
used to carry data related to many calls. Between gateways it is advantageous to use 
RTP multiplexing, because multiple calls can be carried using only one RTP 
connection. The GSM TRAU frame, for example, is about 10 bytes long. If only 

30 one TFO TRAU frame is inserted to RTP/UDP/IP packet, liie various protocol 
headers may consume up to 52 bytes. If there are multiple calls active in the same 
time, multiplexing reduces the overhead related to headers. Usually it is not possible 
to place many TFO TRAU frames related to a certain connection to one RTP 
packet, because this causes excess delay. Real-time applications are not tolerant to 

35 delays. 
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When whole TFO TRAU frames are relayed and each packet data protocol packet 
comprises one TFO TRAU frame, the advantage is that the second gateway does not 
have to figure out the frame structure separately. 

It is also possible not to transfer certain synchronization bits of the TFO TRAU 
5 frames. These synchronization bits mark the beginning of a frame structure, and if 
information from one frame is transmitted in one packet of the packet protocol, the 
syncronization bits are not needed for that purpose. The second gateway, for 
example, may construct the TFO TRAU frames again and insert the weU-known 
synchronization bit pattern to each frame if necessary. The saving in the trans- 
10 mission capability, when the synchonizing bits are not transmitted, may be up to 
10%. 

^ Fig. 6 presents a method according to a fourth preferred embodiment of the 
^ invention, where partial TFO TRAU frames are inserted to packet data protocol 
^ packets. The RTPAJPD/IP protocol stack is again used as an example. 

.^15 From the infonnation flow 302 consisting of TFO TRAU, the TFO TRAU frames 
501-506 are extracted (arrow 511). The TFO TRAU frames are divided mto parts. 
Fig. 6 shows as an example that a TFO TRAU frame 501 is divided (arrow 61 1) to 
two parts 601 and 602. Each TFO TRAU frame part is inserted (arrow 612) to a 
^ RTF packet or to a RTF multiplexing unit, similarly as in the method according to 
:i20 the third preferred embodiment of the invention. Fig. 6 shows as an example the 
how the parts 601 and 602 of the TFO TRAU 501 are placed to RTF multiplexing 
units. RTF frame 401 comprises in addition to part 601 TFO TRAU frame parts 
603, 604 relating to other two connections, and RTF frame 607 comprises in 
addition to part 602 TFO TRAU frame parts 605 and 606, which relate, for 
25 example, to same comiections as parts 603 and 604. The TFO TRAU frame parts 
may be nmnbered so that the construction of frames is easier in the second gateway. 

The packetizing of a TFO TRAU frame, TFO TRAU frame part or a data chunk m 
general into a protocol packet takes some time. The advantage of the method 
accordmg to the fourth preferred embodnnent of the invention is that if the TFO 
30 TRAU frames are divided before packetizing, the delay related to packetizing can be 
shortened. Due to the overhead of the packet headers, the transmission of partial 
TFO TRAU frames may be favourable only when RTF multiplexing is used. 

Fig. 7 presents a method according to a fifih preferred embodiment of the invention 
where only some information from the TFO TRAU frames is exti-acted and that 
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infonnation is transmitted over many comiections. From the information flow 302 
consisting of TFO TRAU frames, the TRAU frames 501-506 are extracted (arrow 
511). Thereafter for example the TFO signalling bits 701-703 are extracted (arrow 
71 1) from the frames. Because these signalling bits are important to the tandem free 
operation, they can be transmitted over a reliable connection. When using IP net- 
works. Transport Control Protocol (TCP) can be used. In UDP there is no 
confirmation that the sent UDP packet are received in the other end of the 
connection, but TCP noticies missing packets and sends them again. Another option 
is that the TFO signalling bits are transmitted using a RTP Control Protocol (RTCP) 
which typicaUy runs over UDP. Fig. 7 shows the signalling data bits 701-703 being 
packetised to, for example, TCP packets 721-723 (arrow 712). Infonnation related 
to, for example, the coder that has been used to code the data originally may also be 
exfracted from tiie TFO TRAU frames and transmitted over the packet network. 

The coded data 731-736 is also extracted (arrow 711) from the TRAU frames. This 
data can be transmitted, for example, over a RTP connection. Fig. 7 shows how 
each coded data chunk is inserted to one RTP packet or multiplexing unit 741-746 
similarly as in the method according to the third preferred embodiment of the 
invention. It is also possible to divide the coded data in each frame into parts, and 
insert these parts into packet protocol packets. 

It is possible to extract also other infonnation from the TRAU frames, and transmit 
this infomation usmg yet another packet data connection. The whole PCM data flow 
can also be transmitted using, for example, the RTP. Transmission of the whole 
PCM flow may be necessary, for example, in a situation where the second gateway 
should decode the data carried by the TRAU frames, but does not support the 
required decoding method. 

When usmg this method, the gateway or other entity that filters the infonnation to 
be fransmitted has to understand the contents of the TRAU frame, otherwise it 
cannot separate, for example, the signaUing flow and the coded data flow. The 
advantages of this method according to the fiflh prefened embodiment of tihe 
invention are that for each transmitted data flow it is possible to use a specific, 
suitable protocol. The data flows can be sent using different transmission media or 
transmission routes. If the PCM stream is transmitted, some operations such as echo 
cancelling can be applied without disturbing, for example, tiie TFO signalling. 
Different eiror correction mechanisms may be applied in the different connections, 
and traffic anal3rsis is also eased. 
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Fig. 8 presents an arrangement where all non-redundant informatLon from the TFO 
TRAU frames is transmitted over a packet network. A cellular networks 801 and 
another network 802 are coimected with gateways 804 and 805 to a packet network 
803. Consider a connection that goes from the cellular network 801 through the first 
5 gateway 804 to the packet network and from there through the second gateway 805 
to tiie second network 802. 

The transmitting arrangement 810 is responsible for receiving data in a format that 
is used in telephony networks and sending TFO TRAU frames or non-redundant 
information about the TFO TRAU frames to a packet network. In Fig. 8 this 

10 arrangement is implemented in the first gateway 804, but it may also be 
implemented using more than one network elements. The reception block 811 
receives information in format that is used in telephony network, for example in 
PCM format. The filtering block 812 separates the possible TFO TRAU frame flow 
from the received signal. It may, for example, monitor the PCM signal, and 

15 recognise the starting pattern of TFO TRAU frames. Usually the TFO TRAU 
frames are carried using one or two of the least significant bits of each 8 bit long 
speech sample. The exfraction block 813 extracts at least the non-redundant 
information from the TFO TRAU frames. The desired information from the TFO 
TRAU frames is inserted to packet data protocol packets, for example using a 

20 method according to one of the preferred embodiments of the invention. This is 
done in the packetizing block 814. The data packets are sent over the packet 
network using an input/output block 815. The blocks may be implemented, for 
example, using microprosessors and suitable programs. The input/output block and 
reception block may be, for example, standard network inferface devices. 

25 The receiving arrangement 820 is responsible for receiving packet data, constructing 
the TFO TRAU frames or decoded data and sending the constructed data further. In 
Fig. 8 the receiving arrangement 820 is implemented, by way of example, in the 
second gateway 805. The receiving arrangement 820 may comprise a similar 
input/output block 815 as the transmitting arrangement. In the recognition block 821 

30 the received information is interpreted, for example, either as whole TFO TRAU 
frames or certain information from the TFO TRAU fi^es. In a construction block 
822, where TFO TRAU frames (or information that is carried in TFO TRAU 
frames) are constructed from the information carried over the packet data 
connection(s). There may be a decoding block 823, where the coded data in the 

35 TRAU flames is decoded, resulting in a decoded data flow. The transmission block 
824 is used to send data in a format that is used in telephony network. 
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The data that is sent from the receiving arrangement 820 may depend on the type of 
the network 802. If the network 802 is a cellular network where all coding-decoding 
units are TFO capable, the send data may comprise only the TRAU frames. At least 
in a case, where the TFO negotiation has been carried out and the data is coded and 
5 decoded only in the mobile stations, the decoded PCM data is not necessarily 
needed. The sent data may also comprise only the decoded data in PCM format. If, 
for example, the second network 802 is a PSTN and the connection is terminated to 
a conventional fixed phone, there is probably no need to transmit the TFO TRAU 
frames within the PCM signal. If both the TRAU frames are constructed and the 
10 coded data is decoded, the TRAU frames may be inserted as TFO TRAU frames to 
the decoded data flow. In this case the data flow, for example a PCM signal, is 
similar on both sides of the packet network. 

In most cases the connections are bidirectional. This means that on both edges of 
the packet network there should be a transmitting arrangement 810 and a receiving 
15 arrangement 820. Both these arrangements may be implemented in one gateway, 
which is thus a combination of the gateways 804 and 805 presented in Fig. 8. 

The GSM and IP networks have been used as examples of cellular network and 
packet network, respectively, when describing the details of the invention. The 
scope of the invention is not restricted only to there networks. For example, the 
20 invention may be applied in connection with Universal Mobile Communications 
System (UMTS). Transcoder and rate adaptation unit (TRAU) of GSM network has 
been used as an example of a coding-decoding unit that is present in cellular 
networks. 

TFO TRAU frames have been used as an example of a data structure that is used to 
25 carry information about coded data and details about the coding method between 
cellular networks. The coded data may be speech, video or any other data. The 
invention can be applied also with other data structures that carry corresponding 
information, irrespective of the name of the data structure. 
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Claims 

1. A metiiod for transmittmg data over packet network, where a ceUular net^ 
is connected to a packet network and uplink tandem free operation data frames, 
which carry coded data and in the frame structure inband tandan free operation 
5 signalling information related to the coding, are transmitted (112) from the cellular 
network towards the packet network, characterized in that at least all non- 
rednndant infonnation, said non-redundant infonnation com^^ing said inband 
tandem free operation signalling information, from the uplink tandem free operation 
data frames is extracted (311, 511, 611, 711) from, said frames in a gateway 
10 connecting the cellular network to the packet network and trananitted ov^ the 
packet network. 

2 2. A me&od according to claim I, characterized in that the uplink tandem fi^ 

y operation data fr-ames are rdayed (511) as such. 



yj 3. A method according to claim 2, characterized in that each uplink tandem free 

l=n 15 operation data frame is relajred (512) in a packet of axertain packet protocol and 
that only one uplink data frame related to a cataih connection' is caiiied in'each ' 
packet. "i • . -. 



W 



[U 4. A method accordizig to claim 2, characterized in that the uplink tandem free 

g operalios. data frames are divided (611) into parts and each part is transmitted in a 

ry ^ pac]»t of a obtain paciket protocol and that only one part related to a certain 
connection is cazrisd (612) in each packet 

5. A me^od according to claim 2, characterized in that uplink tandem free 
operatioii data frames or paits of the uplink tandem free operation data frames 
related to more than one connection are canted (612) in each packet 

25 6. A metiiod according to claim 1, characterized in that the coded data from the 
uplink tandem free operation data frames is exlracted (711) and transmitted over a 
frrst packet data connection and the tandem free operation signalling infonnation 
from &e uplink tandem free operation data frames is extracted (711) and transmitted 
over a second packet data connection. 

30 7. A method according to claim 6, characterized in that said tandem free 
operation signalling information is extracted and transmitted over a certain packet 
data connection that confrims the delivery of packets. 
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8. A method according to claim 7, characterized in that said tandem fires 
operatioii signalling infoimation is transmitted using Transfei Control Protocol. 

9. A method according to claim 7, diai^cterized in that said tandem £nBe 
operation signalling information is transmitted using RTF Control FrotocoL 

5 10. A method according to claim 1, characterized in that the non-redimdant data 
from the uplink tandem free operation data frames is transmitted nsiag a certain 
protocol that supports real time applications. 

11 . A method according to claim 10, cbaracterized in that die non-redundant data 
is transmitted using Real-time Transf^ Protocol. 

10 12. A method according to claim 1, characterized in that the information trans- 
mitted over the packet network is processed on the edge of the packet network. 



p 13. A method according to claim 12, characterized in that the coded data, which 

yi is part of the non-redundant information transmitted ov^. the packet network, "is 

W decoded oil the edge of the packet network. -- - . - 



^ ' 15 14. A method according to claim 12, characterized in that dbwnhnk tandem free 
fy operation frames, which carry said coded data and, as inband; signalling in the frame 

P stracture, said tandem free operation signalling information, are constructed on the 

edge of the packet network from the non-redundant information transmitted over the 
packet network. 

20 15, A method according to claim 12. characterized in that 

- a second cellular network is connected to the packet network, - 

- second uplink tandem free operation data frames, which carrycoded data and 
inband tandem free operation signalling information related to the coding, are 
transmitted from the second cellular network towards the packet network, 

25 - &e uplink tandem free operation data frames and tdie second uplink tandem free 
operation data frames are related to a certain bidicectianal connection, 

- at least all non-iedundant inf onnation, said DQn-redundant information compnsiag 
said inband tandem free cq)eration signalling information, from the second tandem 
free operation i^^link data frames is extracted from said second uplink tandem free 

30 operation data frames and transmitted over the packet network and 

- all non-redundant information related to said connection and transmitted over &e 
packet netwodc is processed on the edges of the packet network. 
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16. A transinittiiig arrangement (810) for transinittinf data over packet network, 
which con^zises 

- means (811) for recdving data in telephony network format and 

- means (8 15> f or sending data In packet format, 
5 dmractoiz^ in that it fqrther comprises 

- means (812) for separating tandem fiee op^tion fcames, which cany coded data 
and inband tandem iiee operation signalling information related-to the coding, from 
the received data, 

- means (8 13) for esctracting data from said firamra, said means anaaged to ejoract at 
10 least said tandem &ee operation signalling infcnmstion. and 

- means (814) for encspsulating the extracted data into packet protocol packets. 

17. A receiving arrangement (811) for transmitting data over packet-network, 
which con^rises 

- means (815) for receiving data in packet fonnat and 

15 - means (824) for sending data in tslephony network format, . 

characterized ia that it further comprises ' ' - • 

-means (821) for extracting certain infOTmation: fi:om the -received ^data; which 
- infoimadon comprises coded data and tandem £ce'e^'-o|fgratidh 'signalling 'infcnmatidn 
related to the coded data, and 

20 - means for processing the extracted information conqnising one' of the following: 
means (822) for constnicting tandem free operation frames, which cairysaid- coded 
data and, as inband signalling, said tandem free operation signalling information, 
means (823) for constructing decoded data from said coded data. 

18. A gateway (804, 805), which comprises 

25 - means (8 1 5) for receiving and sending data in packet fonnat and 

-means (811, 824) for receiving and sending data in telephony sstwork fannat, 
characterized in. that it fiirthjer comprises 

- means (812) for separating tandem free operation frames,, which carry coded data 
and inband tandem free operation signalling information related to the coding, from 

30 the received telephony data, 

- means (8 1 3) for exiracting data from said frames, 

- means (S 14) for encapsulating the extracted data into packet protocol packets, 

- means (821) fen* extracting certain information from the received packet data, 
which information coic^rises coded data and tandem free operation signalling 

35 information related to the coded data, and 
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- means for jffocessing the extracted infonnation conjprising one of the following: 
means (822) for constructing tandem free operation frames, which cany said coded 
data and said tandem free operation signallias infonnatlon as inband si gnalling s 
means (823) for constructing decoded data from said coded data. 

5 19. A gateway according to claim 18, characterized in that it comprises said 
means (S23) for constructing decoded data and said mgan s (822) for constructing 
tandem free op^ation frames, which cany said coded data and, as inband signalling, 
said tandem free operation signalling information. 
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